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Abstract 
The article presents measurements of sorptivity. They were performed not only, as usual, after 28 days, but also after longer periods of 
time (2, 3, 6, 9, 12, 24 months) on samples made of the same concrete. Four different concretes were researched. Differences between the 
initial value of sorptivity and further measured ones were statistically tested. Results of measurements and tests proved that the initial 
value of sorptivity can be regarded as quite an exact approximation of further measured values of this parameter. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The durability of constructions made of reinforced concrete is, in particular, determined by their resistance to water 
penetration since it is both the environment which accelerates the course of corrosive processes and the medium 
transporting factors causing corrosion inside the elements. Hence, the parameter which seems to be a good predictor of the 
permanence of concrete constructions as well as their resistance to corrosive factors influence is the sorptivity as a value 
defining the speed of water penetration into concrete [3-7], [10-14], [17]. 
The model of sorptive water penetration into concrete together with assumptions made during its formulation was 
presented in detail in the works [7-8], whereas the methods of researching the sorptivity were described, among others, in 
the works [7], [12-13] and in [18]. Short descriptions of the most widely used methods can be found further in this work. 
The specificity of the sorptivity research conducted so far lies in the parameter being identified with reference to “young” 
concrete on 28-day samples. There have been some attempts to establish how sorptivity presents itself in older concrete, that 
is, if and how its value changes in the course of time. In the work of Dias [1] results of such research can be found.  
The research seems purposeful since its findings would permit answering the question if sorptivity designated 28 days 
after producing concrete is representative and conclusive of the permanence of the construction in the whole period of its 
use. 
2. Materials and methods 
2.1. Materials 
Portland Cement (PC) CEM I 32.5 produced according to [21] obtained from Cementownia Ożarów S.A., was used in 
the amount from 217 to 469 kg/m3. Aggregate composed of fractions 0-2 mm natural river sand and 2-16 mm natural gravel 
in accordance with [19] as well as supply water were used as well.  
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2.2. Methods of measuring sorptivity 
There are several methods of measuring concrete sorptivity. Most of them can be divided in two main groups which are: 
the mass methods and the volumetric methods. The more detailed descriptions of some of these methods can be found e.g. 
in [12-13].  
Below the above mentioned groups of methods are shortly presented as well as the sample spitting method which does 
not come under none of the two groups. 
The mass methods are based on the assumption that water penetrates concrete in an unidirectional way. Such a character 
of water penetration can be obtained by assuring that only one whole surface of concrete sample has contact with water 
(usually it is the bottom surface which is submerged 2-3 mm under the water).  
The other surfaces’ adjacent areas are isolated in order to avoid additional penetration of water and its evaporation from 
the sample during the measurement. Sorptivity S, measured in g/(cm






=  (1) 
where: Δm – mass of absorbed water, F – area of the surface which has contact with water, t – time of water penetration. 
Mass of absorbed water Δ m is measured in assumed time periods Δ t since the beginning of the research. The mass 
divided by the area of submerged surface related to t 
0.5 defines straight line by formula (1). Slope of the line is the value of 
concrete sorptivity S.  
To make the measured value of sorptivity independent from initial dampness of concrete it is measured on samples 
which are dried to a constant weight.  
Mass method of measuring sorptivity was presented on Fig. 1 and 2. 
 
 
Fig. 1. Sorptivity measurement by mass method 
 
Fig. 2. Sorptivity measurement by mass method 
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One of the volumetric methods described below was elaborated in Building Research Institute (ITB). It is based on 
measuring volume of water absorbed by cement sample with the use of glass cylinders with scaled pipettes, see Fig. 3. The 
cylinders are of different diameters (usually varying from 30 to 120 mm). The edge of cylinder meeting sample surface is 




Fig. 3. Sorptivity measurement by volumetric method 
 
Fig. 4. Sorptivity measurement by volumetric method (with silicone sealing visible) 
Research procedure is based on measuring water volume ΔV which was absorbed in time Δ t. Weight of water m
s
 
absorbed in certain time t through the unit of sample surface area is calculated on the basis of the measured water volume 
ΔV.  
At the beginning of the research an unidirectional water flow dominates and the sorptivity can be quite accurately 
calculated with the use of the Eq. (1). But during the research a multidimensional flow starts to dominate and the mass of 
absorbed water during certain time period t is better described by formula: 
 ms = S ⋅ t
0.5 + c ⋅ t (2) 
where: c – parameter describing growing influence of spherical shape of the area of water penetration 
The volumetric methods can be used to ascertain concrete sorptivity in existing structures, see Fig. 5. In such cases the 
initial moisture of concrete in the structure should be measured.  
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Fig. 5. Sorptivity measurement by volumetric method on full size concrete beam – structure element 
The sample splitting method is the most “direct” method of measuring sorptivity. This method in its first phase is similar 
to mass methods. At first samples are soaking in water for the fixed period of time. After this phase samples are split in two 
parts like in testing of splitting tensile strength. Sorptivity is measured directly by measuring the range of water penetration.  
This method has some faults. First of all it is the most inaccurate one. Because the boundary line between wet and dry 
part of concrete sample is often indistinct and irregular it is difficult to measure the depth of water penetration. Furthermore, 
the testing procedure demands destroying samples. 
 
 
Fig. 6. Samples used in sorptivity measurement by sample splitting method 
2.3. Mix Proportions 
The research was conducted on four cement concretes named C1 to C4. The blends were characterized by the values of 
w/c ratio within the range from 0.40 for C4 concrete to 0.83 for C1 concrete. Assuming saturated-dry surface conditions for 
the aggregates, the mix proportions for C1 – C4 concretes are summarized in Table 1. 
                                                         Table 1. Mix Proportions (kg/m3) 
Concrete w/c CEM I water sand gravel W/C ratio 
C1 217 180 650 1300 0.83 
C2 266 178 654 1308 0.67 
C3 317 185 662 1229 0.58 
C4 469 188 577 1154 0.40 
 
Samples for research were cast in steel moulds undergoing double vibration on the vibration table. After demoulding, the 
samples were water-cured in the laboratory for 28 days. During the rest of 2 years period they were stored in the laboratory. 
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The first stage of research was undertaken right after taking the samples out of water. The samples were placed in the drier 
and the measurement of the sorptivity took place after drying them up to the permanent mass, which lasted between 7 and 9 
days. 
In the tests described in this paper, the authors decided to use mass method because it is easier to process and more 
popular than other methods [2-3], [9], [15-17]. In view of its popularity, it further permits comparing research findings. 
168 samples altogether were made to accomplish the sorptivity research, 42 pieces out of each concrete. 7 series of 
sorptivity research were done respectively after 28 days and after 2, 3, 6, 9, 12 and 24 months. Each time, 6 samples out of 
each concrete were researched, the average values were calculated and standard deviations of the findings achieved. The 
samples in the period preceding the research were stored in the laboratory.  
2.4. Sorptivity Test 
The research presented in the work was conducted on the halves of cubic samples of 150 mm edge by means of mass 
method. Prior to the research, the samples had been dried up to the permanent mass at the temperature of about 100°C. The 
research was conducted at the temperature of approximately 20°C. The lateral surfaces were insulated with the aim of 
ensuring that the water should penetrate only through one bottom plane and it should not evaporate. The secured samples 
were weighed and then arranged in the vessel being dipped up to the depth of 3 mm. In specific time intervals from the 
moment of initiating research, the samples were again weighed to define their weight gain resulting from water sorption. 
Subsequent weight measurements were in all conducted for 6 hours. Sorptivity S in  g/(cm
2·h0.5) was defined as a slope of 
the straight line expressing the dependence of the mass of the water absorbed Δ m by the area F from the time  root t
0.5 [7] as 
in Eq. (1).  
3. Experimental results 
3.1  Compressive Strength test 
 
The compressive strength test was conducted on 150 mm cube samples for the ages of 28 days in accordance with [20]. 
The average compressive strength after 28 days reached 13.25 MPa for C1, 21.28 MPa for C2, 29.68 MPa for C3, and 
51.39 MPa for C4.  
3.2 Results of Sorptivity test  
The findings underwent statistical tests of compatibility. The values of the statistics t of t-Student distribution were 












where: t – the value of test statistics, 
1 2
X X−  – mean values of the samples compared, 2 2
1 2
,S S  – variances of the samples 
compared. 
Each time the tests needed the initial values of sorptivity of each concrete as well as the values defined after subsequent 
periods of time. The statistics values calculated were compared with the critical value tkr, which with the number of samples 
n1 = n2 = 6 and the number of the degrees of freedom k = 6 + 6 – 2 = 10, with the assumed level of confidence p = 0.95 
amounts to tkr = 2.228. As the zero hypothesis one made an assumption that the findings of the sorptivity in time do not 
significantly differ from the measurement results after 28 days.  
Table 2 presents calculated values of test statistics. The ones in bold are those which indicate the necessity to reject the 
zero hypothesis with the level of confidence equaling p = 0.95. 
                                                               Table 2. Values of test statistics t 
Concrete 
Time in months 
2 3 6 9 12 24 
C1 1.8406 2.5258 1.9175 1.8285 0.4419 2.0821 
C2 2.7801 2.9899 3.5092 0.6995 5.4598 4.0410 
C3 0.0072 0.8925 0.3824 0.2759 0.3565 0.5550 
C4 3.1126 2.1981 0.1861 0.9431 1.7317 1.9896 
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It must, however, be pointed out that just in case of concrete of w/c ratio = 0.40 after the period of about 2 months, the 
result in bold concerns sorptivity increase (Fig. 7), whose value in subsequent measurements does nor considerably differ 
from the value after 28 days. In remaining cases of values in bold there is decrease in sorptivity value, which lowers 
corrosion threat. 
 
Fig. 7. Time variability of the sorptivity of concrete – concrete of w/c = 0.83 
 
Fig. 8. Time variability of the sorptivity of concrete – concrete of w/c = 0.83 
 
Fig. 9. Time variability of the sorptivity of concrete – concrete of w/c = 0,58 
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Fig. 10. Time variability of the sorptivity of concrete – concrete of w/c = 0.40 
Underneath (Figs 7-10), there are dependencies of approximate sorptivity values of S concrete in the function of time 
together with confidence intervals, with the assumed level of confidence p = 0.95, assuming the regular structure of 
measurement results. 
3. Conclusions 
The analysis of research findings demonstrated that the majority of sorptivity measurements of the concretes researched 
within 24 months do not significantly differ from those conducted after 28 days. The results significantly differing, with the 
level of confidence p = 0.95, with one exception, concern the decrease in sorptivity in comparison with the measurement 
after 28 days. The exception is the result of the measurement after 2 months for the concrete of w/c = 0.40, where there was 
an increase in sorptivity. However, in subsequent measurement periods, the results of sorptivity measurements do not 
significantly differ from the initial one. 
In general, on the basis of the research findings, it can be concluded that the sorptivity measured in case of young 
concrete is its representative later on as well. It is crucial though that further research should be conducted so as to 
additionally verify the above conclusion. 
These conclusion seems to be convergent to this obtained by Dias [1]. Dias in his work has stated, that sorptivity after 
4 years has decreased in comparison to its value measured after 28 days. Although the reduction of the sorptivity in his 
measurements was significantly higher, but also the time period of research was doubled in a comparison to research 
described in this work. What is more, Dias performed his research on concrete samples which initial sorptivity was higher. 
In such a concrete carbonation occurs faster and Dias stated that this process is responsible for sorptivity reduction in older 
concrete.  
In summary it can be stated that results obtained in this paper and by Dias indicate that sorptivity measured for young 
concrete is the highest sorptivity value for given concrete. 
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